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ABpToACT 
 
qhe Beägian bridge buiäders `haräes jarceääis ENTVUJNUS4F and Arthur sierendeeä ENUROJNV4MF were 
àackJçfJaääJtrades in the NVth centuryI but bçth were mçstäy knçwn as bridge designersI trying tç have 
a grié çn new structuraä éçssibiäitiesK qhçugh the mechanicaä behaviçur çf their bridges is very 
differentI  qçm  meters  aäready  nçticed  the  visuaä  resembäances  between  jarceääis’  girder  and  bçx  
bridges made çut çf éierced castJirçn éäates ENUPRJNUSMF and sierendeeä’s deveäçément çf the bridge 
tyée named after him ENUVMJNV4MFK 
qhe nçnJsimuätaneçus yet very simiäar evçäutiçn çf these twç characters is a duet with cçnsçnants and 
dissçnancesK jarceääis was an industriaäist whereas sierendeeä was an engineerI érçfessçr and seäfJ
made art criticK jarceääis had iméçrted the idea çf castJirçn girder and bçx bridges frçm bngäand EeKgK 
frçm cairbairn and pteéhensçnF and he did nçt shrink frçm caääing this a Beägian system tç erect 
bridgesK sierendeeä çn the çther handI after having seen bridge cçääaéses where the diagçnaäs were 
hardäy defçrmedI deveäçéed a siméäified arithmetic methçd tç caäcuäate a beam that cçnsists çnäy çf 
a series çf rectanguäar framesI a system that stiää finds use in design érçbäems tçdayK 
qhis recurring éattern çf engineering feats is the cçnnecting thread between jarceääis and sierendeeä 
in this éaéerK tithin a time frame çf NMM years bçth men stççd in a fascinating éeriçd çn new 
materiaäs Etransitiçn frçm cast irçn tç steeäF and new caäcuäatiçn methçds Etransitiçn frçm eäementary 
fçrmuäas and triaäJandJerrçr testing tç fuää understanding çf secçndary stresses and mechanicaä 
behaviçur çf materiaäsFK 
 
heywordëW `aëtJiron girder bridgeëI sierendeel bridgeëI ptructural analyëiëI qrialJandJerror 
 
 
NK fNTolarCTflN 
 
NKNK fntentions and context of this research 
fndustriaäist `haräes jarceääis ENTVUJNUS4F and engineer Arthur sierendeeä ENUROJNV4MF were bçth avid 
suééçrters çf the then new bridge tyéçäçgies in reséectiveäy the secçnd èuarter çf the NVth century and at 
the beginning çf the OMth centuryK qhe first deveäçéed castJirçn Ewhether çr nçt éierced éäateF girder 
bridgesI whereas the äatter ‘invented’ the sierendeeä bridge – as shçwn in éreviçus research çf the 
authçrs this designatiçn ‘inventiçn’ has tç be éut intç the right éerséective xNzK qhçugh visuaääy simiäarI 
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these bridges are structuraääy differentI nçt in the äeast due tç the different materiaä characteristics çf cast 
irçn and steeäK 
jarceääis and sierendeeä wçrked in different eras – jarceääis befçre the secçnd industriaä revçäutiçn 
and befçre knçwäedge çn caäcuäatiçn and mechanics çf materiaäs gçt wideäy séreadI whereas 
sierendeeä himseäf tççk éart in the transitiçn frçm testing tç caäcuäatingI eséeciaääy when it came tç 
secçndary stresses in hyéerstatic cçnstructiçnsK qhis makes it interesting tç examine their reséective 
aéérçaches tçwards innçvatiçn in bridge buiädingK 
qhis research is éart çf a brçader investigatiçn çn the irçn and steeä industry in Beägium in the NV th 
centuryK fts histçry is nçt examined frçm a standard architecturaä histçricaä éçint çf viewI but by 
studying irçnwçrksI engineers and cçntractçrsW in this éaéer the castJirçn girder bridges deveäçéed by 
jarceääis’ wçrkshçé in iiège between NUPR and NUSMI and sierendeeä’s bridges deveäçéed between 
NUVM and NV4MK 
 
NKOK eistoriographical reflections 
fn cançnicaä histçry çf architecture and cçnstructiçnI schçäars are famiäiar with jarceääis xOJRz and 
sierendeeä xNI SJ UzK Bçth are hçwever mçstäy knçwn fçr their bridges withçut any cçméarisçn tç their 
çther reaäizatiçnsK qhe research éresented in this éaéer tries tç achieve a mçre inJdeéth anaäysisI by 
digging intç éreviçusäy äess weää knçwn archive materiaäI and by cçmbining the resuäts çf these twç 
researchesK  
 
 
 
cigK N fndustriaäist `haräes jarceääis EäeftF xVz and engineer Arthur sierendeeä ErightF xUz 
 
NKPK ptructure of the paper 
qhis éaéer starts with a shçrt biçgraéhic nçtice çn jarceääis and sierendeeäI and their reséective 
érçfessiçnaä backgrçundsK qhen a shçrt intrçductiçn çn bridge buiäding in the NVth century is fçääçwed 
by the study çf çne case study çf each buiäderW jarceääis’ bridge çver the pcheädt in dhentI and 
sierendeeä’s first test çn his structuraä systemK cinaääy and befçre cçncäuding the structuraä tests çn the 
bridges are cäarified and the discussiçns in the érçfessiçnaä wçräd are exéäainedK 
 
OK BfldoAmefbp lc Ttl MbN AT tloh 
 
OKNK Charles Marcellis and the conderies et Ateliers de Construction de Machines 
fn NUPRI Beägian äawyer `haräes jarceääis bçught a fçundry in the city çf iiège and suséended his 
earäier writing and éçäiticaä activitiesK crçm then çn he became a determined defender çf castJirçn 
architectureI mçstäy tç suééçrt his çwn wçrkshçé and the Beägian metaääurgicaä industry xOI PzK 
fn çnäy a few years time jarceääis was abäe tç transfçrm himseäf intç an iméçrtant industriaäistK ee 
cäçseäy cçääabçrated with sK auvaäI a éersçn çf whçm äittäe is knçwnK jçst wçrks refer tç auvaä as 
a crench EminingF engineer xNMzI thçugh there is nç reaä evidence fçr this and his name is çnäy 
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mentiçned as a cçJauthçr çf sçme çf jarceääis’ bççksK thiäe jarceääis was the reéresentative and the 
çne whç had cçntacts frçm his éçäiticaä careerI auvaä äççked after the technicaä aséectsK qhrçughçut 
the cçurse çf PM years the firm erected amçng çther things a castJirçn bridge in dhent in NU44I the 
séan çver çf the Antweré ptçck bxchange in NUR4 and numerçus heating systems and éumésK  
jarceääis aäsç wrçte extensiveäy which makes him a wçrthy case tç examine middäe NVth century castJ
irçn architecture and engineeringK eis written wçrk çbviçusäy caääs fçr criticaä evaäuatiçnI since he 
hardäy ever came ué with èuantitative data tç suééçrt his designsK 
 
OKOK Arthur sierendeel as an engineerI professor and writer 
fn NUT4 Beägian guäes Arthur sierendeeä çbtained with great distinctiçn the degree çf fngénieur deë 
artëI deë manufactureëI du génie civil et deë mineë at the bcçäes pééciaäes çf the `athçäic rniversity 
çf  ieuvenK  qwç  years  äater  he  started  his  career  in  the  buiäding  industry  as  a  cçmmissiçner  çf  the  
Atelierë kicaiëe et aelcuve in ia içuvière where he wçrked untiä NUUR Ein NVNP these Ateäiers wçuäd 
merge with ia Brugeoiëe and they cçnstructed many sierendeeä bridges in BeägiumFK fn ia içuvièreI 
sierendeeä tççk charge fçr the cçnstructiçn çf the oçyaä `ircus in BrusseäsI çne çf the first äarge irçn 
framewçrks in BeägiumK qhis buiäding did nçt arise withçut a struggäe thçughK qhe çwners and the 
éress were cçnvinced that the äight structure wçuäd never be sufficientäy suééçrtiveK lnäy after an 
uätimate test with a regiment çf grenadiers çrdered by the ministerI animadversiçn came tç an endK 
fn NUUR sierendeeä was named headJengineerJdirectçr çf the technicaä services çf the érçvince çf testJ
cäandersI making him amçng çther things reséçnsibäe fçr OOTN km çf rçad cçnstructiçnK cçur years after 
sierendeeä started wçrking in testJcäandersI içuis `çusin asked him tç be his successçr fçr the cçurse 
çn structuraä mechanics at the `athçäic rniversity çf ieuvenK then sierendeeä began teachingI his 
architecturaä wçrk that had incäuded the cçvering çf the raiäway statiçn çf hçrtriàk and the tçwer çf the 
church çf aadizeäe came tç a standstiääK crçm then çn he wçuäd çnäy cçnstruct bridgesI éyäçns and çther 
wçrks çf civiä natureI and mçre iméçrtantäy becçme the sçJcaääed inventçr çf the sierendeeä bridgeK As a 
àackJçfJaääJtrades sierendeeä aäsç wrçte çn sçiä mechanicsI eäectrçmagnetism and aircraft buiäding Enever 
éubäishedF and he derived a generaä fçrmuäa tç exéäain buckäing faiäure xSzK 
fn cçntrast tç jarceääisI sierendeeä did érçvide an ençrmçus amçunt çf èuantitative data and 
caäcuäatiçns in his extensive writings in bççks and àçurnaäsK 
 
PK Bofadbp fN Teb NVth CbNTroYW        
Nbt MATbofAip ANa pTorCTroAi fNNlsATflNp 
 
qhe industriaä revçäutiçn marked a new era when it came tç bridge buiädingI mainäy shifting frçm 
wççden and stçne bridges tç irçn bridgesK lne çf the first çnesI the frçn Bridge near `çaäbrççkdaäe in 
bngäand is érçbabäy the bestJknçwn castJirçn bridge wçrädwideK Buiät in NTTV by Abraham aarby fff 
this arch cçnstructiçn had nç érecedent and thus was the methçd tç erect and cçnnect the structure 
based çn caréentryK qhis éarticuäar bridge has been the subàect çf much investigatiçnI but sç far we 
knçw äittäe çn the histçry çf the deveäçément frçm the first castJirçn bridges Esuch as jarceääis’ 
bridgesF in its different fçrms Earch and girderF tçwards suséensiçn bridges çr mçre cçméäex bçx 
girder bridges çr äater truss bridges Esuch as sierendeeä’s bridgesFK then it cçmes tç castJirçn girder 
bridgesI sçme aséects have been studiedI but an exhaustive aéérçach çf its deveäçément dçesn’t existK 
lveraää these bridges were rare as uncertainties çn stabiäity had wçrried cäientsI eséeciaääy after sçme 
seriçus disasters in bngäandK crçm the NUSMs çnwards castJirçn EbçxF girder bridges were demçäished 
and castJirçn was reéäaced with wrçughtJirçn Eand äater steeäF cçméçsite beams fçrmed by riveting 
sheets tçgetherI and then steeä rçääed beamsI materiaäs with higher vaäues fçr bçth tensiäe strength and 
ductiäityI materiaäs and eäements sierendeeä used xNNzK 
 
QK A nrbpT clo fNNlsATflNW MAoCbiifp’ ANa sfbobNabbi’p Bofadbp 
 
QKNK The example of the Marcellis bridge in dhent EBelgiumF 
fn cebruary NU4MI çnäy five years after jarceääis had becçme active in the metaä industryI jarceääis 
and auvaä éubäished their kotice ëur un nouveau ëyëtème de éontë en fonteI  the  first  çf  a  éair  çf  
nçtices çn their sçJcaääed ‘new’ system tç erect castJirçn bridges xNPzK jarceääis regretted that the city 
çf iiège had decided tç recçnstruct the recentäy demçäished stçne Bçverie Bridge çver the jeuse by 
ançther stçne bridgeK jarceääis iääustrated his system by redesigning this Bçverie BridgeI but his 
érçéçsitiçn wçuäd remain unreaäized and the bridge was eventuaääy reJerected in stçneK 
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cigK O `astJirçn jarceääis bridge in dhent çf NU4P EäeftF xNOz and érçéçsitiçn fçr a castJirçn girder bridge 
EbçttçmF in iiège as çééçsed tç a stçne EtçéF çr irçn EmiddäeF arch bridge ErightF çf NU4M xNPz 
 
qhree years äaterI in NU4PI jarceääis was abäe tç buiäd his ‘Beägian system’ as he started naming it frçm 
then çnK ee had cçnvinced `haräes oçgier ENUMMJNUURFI Beägian jinister çf mubäic tçrks frçm NU4M tiää 
NU4NI tç grant him a subsidy tç erect a castJirçn bridge çver the pcheädt in dhentK qhe dhent cçunciä had 
agreed tç buiäd the bridge tç äink the new train statiçn tç the çäd paintJmeter’s èuarterK qhe bridgeI which 
wçuäd sççn be named after jarceääisI cçnsisted çf twç éairs çf castJirçn éierced éäates çf OM m äçngI the 
members çf each éair were cçmbined by S strutsI thus fçrming twç bçx girdersK bach çf the éäates was 
made çut çf NM m äçng éäates bçäted in the middäe by means çf U smaääer éäatesK peventeen castJirçn 
crçssbeams çf NNI4 m were cçnnected at the bçttçm çf the bçx girders and carried the bridge deck made 
çut çf wççdK qhe crçssbeams were cçnnected tç the bçx girders by P bçäts at each endI O çf which were 
cçnnected tç the éäates and çne by a tieJrçd cçnnected tç a smaää crçssbeam that cçnnected the éierced 
éäates at the tçéK xNOz qhe éäans çf the design Ethe bridge itseäf was demçäished in NUSRF highäy 
cçrreséçnd tç designs by cairbairn fçr a bridge çver the Aäthçrée ptreet in içndçn xN4zK 
 
QKOK The sierendeel 
eistçricaääyI a ‘sierendeeä’ is a series çf rectanguäar frames J which was éatented fçr the first time in 
NUVS – and “in which the diagçnaäs are remçved and the verticaä members rigidäy cçnnected tç the 
bççms by rçunded éieces in such manner that the bççms and verticaä members fçrm éracticaääy çne 
éieceK” xNRz `çntrary tç the tyéicaä éinJàçinted truss in which theçreticaääy çnäy axiaä stresses çccurI 
the sierendeeä transfers shear frçm the chçrds by bending mçments in the verticaä websK eis inventiçn 
came abçut after he nçticed that exéeriments and caäcuäatiçn methçds çn irçn and steeä framewçrks 
didn’t agreeI making his inventiçn a reséçnse in the cçnteméçrary discussiçn çn secçndary stressesK  
 
QKPK sierendeel’s answer on the discussion on secondary stresses 
qhe year NURN had marked a turning éçint in the use çf irçn and steeä in cçnstructiçnI materiaäs that 
sierendeeä wçuäd defend vividäy frçm the mçment he became a érçfessçr and his writings started tç 
fäçurishK  A  miäestçne  was  the  `rystaä  maäaceI  a  castJirçn  and  gäass  structure  erected  in  eyde  markI  
içndçnI tç hçuse the dreat bxhibitiçn Ethe first tçräd cairFK Ançther event in NURN that heraäded the 
beginning çf the discussiçn çn éinJàçinted and rigid framesI was the intrçductiçn çf the term ‘trussed 
framewçrk’ by derman engineer harä `uämann ENUONJNUUNFI a éiçneer çf graéhicaä methçds in 
engineeringK ee intrçduced this wçrd in the first çf his O traveäçgues – he had made a study tçur tç the 
rnited hingdçm and the rnited ptates frçm NU4V tç NURN – and it marks a new era where the timber 
framewçrk and the caréenter were reéäaced by the irçn framewçrk and the metaäwçrker xNSzK 
Aäsç in NURN Beräin engineer gçhann tiäheäm pchwedäer ENUOPJNUV4F nçted that the individuaä 
framewçrk cçméçnents can be assumed tç be caéabäe çf rçtatiçnK then äater riveted àçints were 
éreferred çver bçäted çnesI this theçry was äess aééäicabäe and derman engineer bmiä tinkäer ENUPRJ
NUUUF nçted that the éinJàçinted mçdeä cçntradicted with the asJbuiät reaäity with riveted àçintsK qhis 
äed tç the theçry çf secçndary stressesI as they were caääed at the timeK pecçndary stresses were due tç 
the bending mçments and shear fçrces that existed in the truss membersI next tç axiaä fçrces çf tensiçn 
and cçméressiçnK Because çf the staticaääy indeterminacy çf rigidJàçinted structuresI caäcuäatiçns were 
much mçre cçméäexK 
qhe secçnd haäf çf the NVth was a breeding grçund fçr this discussiçn çn éinJàçinted and rigidJ
àçinted framesI a discussiçn that sierendeeä àçined in the beginning çf the NUVMs when he designed 
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the suééçrting structure fçr the tçwer çf the aadizeäe churchI which was äeft withçut a crçssing 
tçwer by the time çf the inauguratiçn in NUUMK sierendeeä and architect san Assche came ué with 
a brandJnew structuraä design which äacked trianguäized shaées but was based çn a hyéerstatic 
structure çf rigid framesK 
 
 
 
cigK P sierendeeä’s exéeriment çf qervuren in NUVT EäeftF xNTz and resuäts çf the exéeriment çf qervuren ErightF 
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RKNK Calculating and testing both bridges 
RKNKNK jarcellië’ teëtë in hië workëhoé and on ëite 
rncertainty abçut castJirçn girder bridges remained in BeägiumI as weää as in bngäandK then çn NPth 
gune NU4O the cçntract between the city çf dhent and `haräes jarceääis was signedI it cäearäy stated 
that befçre cçnstructiçn in dhent the bridge had tç be tested in the wçrkshçés çf the cçntractçrK qhe 
çfficiaä  reéçrt  çf  these  tests  was  çnäy  described  by  jarceääis  and  auvaä  xNOzK  qhe  bridge  having  a  
äength çf NV m and a width çf VIO m was charged with a äçad çf 4MM kgLmOI  which amçunts ué tç a 
tçtaä äçad çf TM tçnsK aefäectiçns measured at the äarge éierced girders were çnäy P mm çn the day çf 
testingI and 4IR mm after O4 hçursK lne can çnäy cçncäude that the stiffness çf the bridge is very firm 
with a reäative defäectiçn çf äess than iL4MMMK 
An extra test tç determine the äçadJbearing caéacity was carried çut çn site when a äçaded cçach with 
a weight çf N4 RMM kg was éäaced in the middäe çf the bridgeK A rçée that had been stretched at the 
extremities çf the bridgeI and shçwed a naturaä defäectiçn çf VP mm cçméared tç a fixed éçint çf the 
bridgeI did nçt shçw a defäectiçn çf mçre than N mm when the weight was éut çnK 
`çméaring the heightLäength ratiç çf jarceääis’s successive bridge designs we can hçwever nçtice 
a cäear raise çf the height whereas at the same the äength çf the bridges decreaseK jarceääis was 
érçbabäy aware çf structuraä as weää as technicaä issues Eèuaäity çf the castingsI etcKF çn these 
bridges which caused him tç çversize the bridge eäements when he finaääy was abäe tç buiäd a girder 
bridgeK 
 
RKNKOK sierendeel’ë exéeriment of qervuren 
fn Aériä NUVTI sierendeeä éubäished the structuraä theçry çf his ‘éçutre à arcades’ as he used tç caää 
his inventiçn initiaääy in his bççk iongeronë en qreillië et iongeronë à Arcadeë xuzK bxaméäes çf 
structures with fuääy rigid àçints were very uncçmmçn at the timeK ee cçuäd çnäy refer tç the 
aadizeäe church tçwerK sierendeeä mentiçns his system fçr the first time in éubäic at the `ongrèë 
fnternational deë Architecteë in August NUVT in BrusseäsK qhere he aäsç reveaäed his uécçming test 
çn a PNIR m séan bridge he was gçing tç buiäd at his çwn exéense within the scçée çf the Brusseäs 
tçräd cair in qervurenK ft wçuäd be äçaded tç faiäure tç verify the agreement between caäcuäatiçns 
and measurementK “bt maintenant äe treiääisW grande suàétiçn dans ä’eméäçi artistièue du ferI car äe 
treiääis avec ses fçrmes raidesI drçitesI sans variétéI sans eäasticitéI est un diséçsitif cçnstructif èui 
n’est rien mçins èu’esthétièueX maisI heureusementI du treiääis nçus sçmmes deäivrésX vçiciI un éçnt 
dçnt äes fermes en fer sçnt reaäisées sans interventiçn d’aucune diagçnaäeI d’aucun treiääisI et cette 
réaäisatiçn est çbtenue en faisant une écçnçmie de matière et sans rien sacrifier de äa sçäiditéI ainsi 
èue äe érçuvent äes exéériencesI actueääement en cçursI à qervuerenI sur un éçnt anaäçgue de PO 
mètres de éçrtéeK” xNUzK 
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RKOK aiscussions on the bridges 
then it cçmes tç jarceääis’ bridge we dç nçt find as much heated discussiçns as çn the sierendeeäK 
fn his histçry çf wççdenI irçn and steeä bridges by crench engineer gK `haix we read that “jaägré äes 
bçns résuätats çbtenusI äes éçnts de ce système n’çnt éas été reérçduitsI et nçus crçyçns èue c’est 
à cause des évidements ératièués dans äes éarçisI äesèueäs sçnt aussi éeu favçrabäes éçur 
ä’hçmçgénéité de äa fçnteI èue éçur äa transmissiçn des effçrts verticaux aux semeääes” xN4zK `haix 
séecificaääy referred tç the éierced éäate girderI iääustrating it with the ‘bridge çf dhent’I instead çf 
nçrmaä girders çf éreviçus tyées çf these bridgesK Accçrding tç `haix bridges with hçrizçntaä beams 
were mainäy used fçr raiäways and tç séan rçads çr smaääer streams EO tç T mFK fn Armand aemanet 
ENUMUJNUSRF xPz we read that “ies éçnts de ce système n’çnt reçu èu’un fçrt éetit nçmbre 
d’aééäicatiçnsK rne entre autre a été faite à dand sur un bras de ä’bscaut”K 
fn mçre recent research by qçm meters we read that “mierced éäate members were çtherwise unknçwn 
untiä a smaää girder bridge buiät in dhent arçund NU44 by the Beägians `hK jarceääis and sK auvaäI and 
ançther design by the pwiss kikçäaus oiggenbach in NURTK And they were çnäy tç be éçéuäarized by 
the Beägian sierendeeä at the beginning çf the twentieth centuryK” xNVz qhçugh this cçméarisçn isn’t 
cçméäeteäy sçund as the bridges are structuraääy sç differentI meters dçes caää fçr a visuaä resembäance 
frçm an aesthetic éçint çf viewK 
aiscussiçn çn the sierendeeä gçt heated in trade àçurnaäs and amçngst engineersI mainäy due tç a äack 
çf ‘visuaä’ safety and theçreticaä uncertainties cçncerning caäcuäatiçnI safety factçrs and äater aäsç 
weäding technièuesK At first there seemed tç be nç advantages by eäiminating the diagçnaäsI since then 
aää members were cçmbined stress members and greater dimensiçns were reèuiredI nçt saving çn 
materiaä nçr cçstK At the time hçweverI when steeä trusses were rivetedI äarge gussets were necessaryI 
nçt érçviding isçstaticity eitherK qhe exacter caäcuäatiçn sierendeeä érçvidedI cçuäd enhance the 
safetyI and thus indeed save materiaäK eis theçryI embedded in the discussiçn çn secçndary stresses as 
examined befçreI was newI sç his articäes and érçàects were nçt instantäy reäiabäeI but aää the mçre 
interesting tç his cçnteméçrary cçääeaguesK qhese discussiçns were heäd in trade àçurnaäs äike Annaleë 
deë qravaux mublicë de Belgièue and lëëature jétallièue in Beägium and aer biëenbau in dermanyK 
 
SK ClNCirpflNpW Teb clrNaoY spK Teb bNdfNbbo 
 
qhe scientificatiçn çf mechanics çf materiaäs was a érçcess that had graduaääy deveäçéed thrçughçut 
the entire NVth centuryK kçt çnäy did it incäude the deveäçément çf new materiaäs Efrçm castJirçn and 
wrçughtJirçn tç steeä  and even the first  steés tçwards reinfçrced cçncreteFI  but  it  aäsç äed tç a  better  
understanding and anaäyticaä cçmérehensiçn çf materiaä behaviçurK lver the cçurse çf decades triaäJ
andJerrçr testing was graduaääy reéäaced by graéhçstatics and äater EmanuaäF caäcuäatiçn based çn the 
fçrmuäas fçr nçrmaä and shear stressesK 
`haräes jarceääis and Arthur sierendeeä are twç examéäes çf ‘buiäders’ that were éart çf this 
deveäçémentI acting in the same buiäding tyéçäçgyI nameäy bridgesI and wçrking within the same 
envirçnmentI nameäy BeägiumK fnvçäving different kinds çf sçurcesI such as cçurse bççksI buiäding 
fiäesI trade àçurnaäsI and writings çf the buiädersI this research has çéened new research éerséectives tç 
enhance the structuraä anaäysis çf histçric cçnstructiçnsK 
deneraääy we can cçncäude that at fçundriesI eséeciaääy in the earäy yearsI but aäsç weää intç the secçnd 
haäf çf the NVth century aää wçrk was executed by men wçrking thereI frçm siméäe caäcuäatiçn tçwards 
the executiçn çf the àçbK auring sierendeeä’s eraI the äarge number çf smaää irçnwçrks in Beägium had 
evçäved tç a smaää number çf äarge cçméaniesI whç were mçstäy reséçnsibäe fçr the érçductiçn çf 
eäements and assembäing themK qhe irçnJ çr steeäwçrks itseäf nç äçnger necessariäy did caäcuäatiçnK 
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xNz serswiàver hKI ae jeyer oK EOMNMF mast and éresent characteristics çf sierendeeäDs éçutre 
à arcadesK fnW mroceedingë of the Nët fnternational conference on ptructureë and Architecture 
Bçca oatçnI cäçridaI o` mressLBaäkemaI NVSUJNVTRK 
 NPPU 
xOz aewaäèue dK ENUVRF jarceääis E`haräesJeenriFK fnW Biograéhie kationale BrusseäsI BruyäantJ
`hristçéhe C `ieK 
xPz ae `äercè iK EOMMPF ae internatiçnaäe cçntext van de Beägische verwarmingstechnçäçgie in haar 
reäatie met de architectuurK dentëe biàdragen tot de interieurgeëchiedenië POW TTJNNOK 
x4z Braä dK gK ENVUPF `haräes jarceääis – içuis oçeäandtK ben Beägische biàdrage tçt de çntwikkeäing 
van de iàzerarchitectuurK fnW qiàdëchrift voor deëchiedenië van qechniek en fnduëtriële  `ultuur 
NEPF OUJPVK 
xRz serswiàver hKI tçuters fKI Berteäs fKI ae hççning bK EOMNNF `astJirçn girder bridges çf Beägian 
industriaäist `haräes jarceääis ENTVUJNUS4FK fnW ptructural ptudieëI oeéairë and jaintenance of 
eeritage Architecture uff pçuthamétçnI tfq mress OMVJOOMK 
xSz serswiàver hKI ae jeyer oKI aenys oKI ae hççning bK EOMMVF qhe writings çf Beägian engineer 
Arthur sierendeeä ENUROJNV4MFW eçmç universaäis çr cçnteméçrary érçéagandist? fnW 
mroceedingë of the qhird fnternational `ongreëë on `onëtruction eiëtory `çttbusI Bqr `çttbusI 
fnstitut für BauJ und hunstgeschichte N4SPJN4TMK 
xTz tickersheimer aK gK ENVTSF qhe sierendeeäK fnW qhe gournal of the pociety of Architectural 
eiëtorianë PRENF R4JSMK 
xUz oadeäetJde drave mK EOMMPF fngenieuréçrträt EguäesF Arthur sierendeeäI brfinder des qrägers çhne 
aiagçnaäenK aB aeutëche Bauzeitung NPTEUFW U4JUTK 
xVz  ENVOSF Atelierë de `onëtruction de ia jeuëeI iiégeK  
xNMz BaeäeI gKI ae eerdt oK ENVUPF srià gedacht in iàzerK ben eëëay over de architektuur in het 
induëtriële tiàdéerk NTTVJNVNP dhentI ptad dentI aienst vççr `uätureäe wakenL`entrum vççr 
hunst en `uätuurI ptKJmietersabdiàK 
xNNz oennisçn oK tK ENVVUF qhe infäuence çf tiääiam cairbairn çn oçbert pteéhensçnDs bridge 
designsW fçur bridges in nçrthJeast bngäandK fnW fnduëtrial Archaeology oeview OM PTJ4UK 
xNOz jarceääis `KI auvaä sK ENU44F pur leë éontë belgeëI nouveau ëyëtème de éontë en fonte iiègeI 
gK aesçerK 
xNPz jarceääis `KI auvaä sK ENU4MF kotice ëur un nouveau ëyëtème de éontë en fonte iiègeLBrusseäsI 
gK aesçer L iibrairie mçäytechnièueK 
xN4z `haix gKI ptremsdœrfer AKI iandau gK ENUVNF qraité deë montëK aeuxième éartieW montë en 
charéenteI métallièueë et ëuëéenduë marisW canchçn et ArthusK 
xNRz sierendeeä AK ENUVVF dirder or Beam for Bridgeë rpA matent @SPVI POMK 
xNSz hurrer hKJbK EOMMUF qhe eiëtory of the qheory of ptructureëK crom Arch Analyëië to 
`oméutational jechanicë BeräinI brnst C pçhnK 
xNTz iambin AKI `hristçéhe mK ENUVUF ie éçnt sierendeeäK oaééçrt sur äes essais àusèu’à äa ruéture 
effectués au éarc de qervurenI éar jK sierendeeäI sur un éçnt métaääièue de PNmKRM de éçrtéeI avec 
des éçutres  à arcades de sçn systèmeK Annaleë deë qravaux mublicë de Belgièue RRENFW RPJNPVK 
xNUz sierendeeä AK ENUVTF iongeronë en qreillië et iongeronë à Arcadeë ieuvenI rystéruystK 
xNVz meters qK ENVUTF qranëitionë in bngineeringK duillaume eenri aufour and the barly NVth `entury 
`able puëéenëion Bridgeë BaseäI BirkhäuserK 
